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Comparative study of fracture strength depending

on the occlusal thickness of full zirconia crown

Soo-Ah Jang, DDS, MSD, Yoon-Young Kim, DDS, MSD, Won-Hee Park, DDS, PhD, Young-Soo Lee*, DDS, PhD
Major in Dentistry, Department of Medical Science, Hanyang University Graduate School, Seoul, Korea

Purpose: The purpose of this study was to compare the fracture strength of traditional metal-ceramic crowns and full zirconia crowns according to the occlusal thickness.
Materials and methods: A mandibular first molar resin tooth was prepared with 1.5 mm occlusal reduction, 1.0 mm rounded shoulder margin and 6" taperness in the axial
wall. Duplicating the resin tooth, 64 metal dies were fabricated. 48 full zirconia crowns were fabricated using Prettau zirconia blanks by ZIRKONZAHN CAD/CAM and
classified into six groups according to the occlusal thickness (0.5 mm, 0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 1.0 mm). 16 metal-ceramic crowns were fabricated and classified
into two groups according to the occlusal porcelain thickness (1.0 mm, 1.5 mm). All crowns were cemented on each metal die and mounted in a universal testing machine. The
load was directed at the functional cusp of each specimen until catastrophic failure occurred. One-way ANOVA, Tukey multiple comparison test (#=.05) and t-test (a=.05) were
used. Results: The results were as follows. 1. The test 1 group (646.48 N) showed the lowest fracture strength (P<.05), and the value of the test 2.3.4.5 groups (866.40 N, 978.82
N, 1196.82 N, 1222.41 N) increased as thickness increased, but no significant difference were found with the groups (P>.05). The value of test 6 group (1781.24 N) was
significantly higher than those of the other groups (P<.05). 2. There were no significant differences of the fracture strength of metal ceramic crowns according to occlusal
porcelain thickness 1.0 mm (2515.71 N) and 1.5 mm (3473.31 N) (P<.05). Conclusion: Full zirconia crown needs to be 1.0 mm or over in occlusal thickness for the
posterior area to have higher fracture strength than maximum bite force. (/ Korean Acad Prosthodont 2013;51:160-6)
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Fig. 1. Fabrication process of metal die.

Fig. 2. Full zirconia crown.
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Table 1. Fracture strength of full zirconia crown (unit: N)

Mean SD Minimum  Maximum
Test 1 (0.5 mm) 646.48 300.82 140.58 932.94
Test 2 (0.6 mm) 866.40 220.98 506.74 1124.75
Test 3 (0.7 mm) 978.82 235.87 703.40 1404.36
Test 4 (0.8 mm) 1196.82 305.35 859.60 1689.08
Test 5 (0.9 mm) 122241 449.17 865.22 1941.44

Test 6 (1.0 mm) 1781.24 423.30 121438 2366.23

Fig. 3. Metal ceramic crown - occlusal porcelain thickness 1.0 mm (left), 1.5 mm

(right).

load cell

specimen

Fig. 4. A: Schematic illustration of the universal test machine experimental setup, B: Secured crown for testing in custom jig on universal testing machine, C: Fractured
specimen after loading.
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Table 2. Results of one-way ANOVA

Source Sum of squares df Mean square F value P value
Between groups 6095736.74 5 1219147.35 10.931 <.001
Within groups 4684134.40 42 111527.01
Total 10779871.14
Table 3. Statistical comparisons of full zirconia crown (Tukey test at P=.05)
Subgroup at P=.05

1 2 3
Test 1 (0.5 mm) A
Test 2 (0.6 mm) B
Test 3 (0.7 mm) B
Test 4 (0.8 mm) B
Test 5 (0.9 mm) B
Test 6 (1.0 mm) C
Table 4. Fracture of metal ceramic crown and results of t-test (unit: N)

Mean SD Minimum Maximum t df P value

Control 1 (1.0 mm) 251571 388.81 823.56 4302.49
Control 2 (1.5 mm) 347331 961.13 2724.36 7667.95 1.854 14 0.085

(P=05)

BEEATE] 7 aFtel it AT} BT R

1 A7 87] 9130 ttestS Al 3 oFA tH(Table 4). 5
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2 X|2TL0F 32k=29f wetH FH ol [E DEZEo Hlw H

0T BN £ AT B AFAY 2& AR A A 23 o} Ak T FA o 2 A EE v weh= Aol

i THZ o dhe: stk A 1) -3 of] ek a2 S wEh 1.5 mm, M- 1.0mm Z2] rounded shoulder & 3} 12 % ZAAMZ}o] 6 71 ¥ =2 AbA] 3lo] F45 tho] (7l &
AZatAth &4 2] 2 31 o} A48 ZIRKONZAHN CAD/CAM-S 0] £-8}¢] Prettau zirconia blanks S A Abs}od 48711 <] A ah-&-2 A 2bst 1 w3 w54 o] F7 o) e} 67)
T0 2 FR7511 TH0S mm, 0.6 mm, 0.7 mm, 0.8 mm, 09 mm, 10 mm). 1671 9] T4 =43-S Al 2sle] g™ w54 =A9 FA o me 27 #22 F731% th(1.0 mm, 1.5 mm).
S g A 23 o} AT FEEA T A 7] Aol M K| of wiHel £2] 02 BhFo] 7FlEE st $E TS 5% 819 T} One-way ANOVA, Tukey multi-
ple comparison test (2=.05)} t-test (¢=.05)Z 7373 3}S1t}.

Zif B A7 Avhe o 2o LAY 172 7P W2 (64648 N)= VR A 3(P<05), 83 2,3, 4, 572 S FA7} 57145 a4 5 e S7HtiA T
(86640N, 97882 N, 119682 N, 122241 N) A A 0.2 f-0] gk 2fo] & VRl A] e kth(P>05). A8 672 Th2 T BT} 5AH 0. 2 {0l 3HA| /M4 &-& #1781 24 N)= LER
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